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Outline

● Standard Model, the top quark, m
t

● Producing, detecting, selecting dileptons

● Measuring m
t
 in dileptons

● Result with data
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Standard Model
● 3 forces

– Strong, Weak, EM
–

– Higgs Mechanism

– gluon, W±/Z , photon

● Fermions:
– quarks , leptons
– L doublets, R singlets
– 3 generations

● identical except 
larger masses
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top quark
● most massive fermion

● m
t
 ~ 173 GeV

● mass 40 times m
b

– mass of Tungsten

● Γ
t
 >> Λ

Q C D

– tops decay before 
hadronization

– no toponium, T hadron
– possible to measure  

m
t
   Γ

t
   Q

t
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● SM has limited number of 
parameters:

– g
s
(Λ) , g

L
(Λ) , g

Y
(Λ)

– υ = 246 GeV

– m
f
i , V

C K M

● Precision measurements:

– G
F
 , α

E M
(M

Z
) , M

Z
 , α

S
(M

Z
)

● loop corrections:

– Fermion loop: m
t
2

– Higgs loop: log(m
H
)

Precision EW Measurements
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Constraint on Higgs Mass
● In SM Lagrangian:

–  

● Constraint on m
H
 from m

W
:

– m
t
=173.1 ± 1.3 GeV

– m
W
= 80.399 ± 0.023 GeV

– m
H
 =87 +35 -26 GeV

● m
H
 excluded by LEP?
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Why m
t
 with Dileptons?

● Different systematics
– l+jets, alljets have W->qq

● Different Backgrounds
● Consistency Check
● Non SM t decays could 

affect channels differently.
– t->H+b for instance
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Tevatron

● pp collider
– 1.96 TeV

● Run I : 1992-1996
– ~0.4fb-1

● Run IIa : 2001-2006
– ~1fb-1

● Run Iib : 2006-2011?
– ~5fb-1 so far
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Top Pair Production

● 2 modes at leading order:
– qq : 85% at TeV
– gg : 15% at TeV

● At Tevatron:
– valence uu->tt dd->tt

● At LHC: 
– gg->tt
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tt Production Cross Section

● Total cross section:

– 7.45 pb for m
t
=172.5 GeV

PRD 78, 034003 (2008)

● Can constrain m
t
 using 

measured cross section.

– m
t
=169.1 +5.9 -5.2 GeV

PRD 80,071102 (2009)
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Decay Channels

● Br(t->bW) >99%
● W->lν or qq'
● W decay-> 3 modes

– alljets WW->4q
– l+jets WW->lν qq
– dilep WW->lν lν
– τ+jet,l+τ,τ+τ

● τ->lν + ν
● τ->h's + ν
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Dilepton Channel

● 2 leptons from W's
– (τ->lνν included)
– ee , eμ , μμ

● Missing Transverse 
Energy from ν's

– aka MET

● 2 jets from b-quarks
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Backgrounds

● Backgrounds:
– Instrumental
– Z->ee/μμ

● no MET

– Z->ττ->2l 4ν
– WW->lνlν
– WZ->ll lν
– ZZ->ll νν
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Monte Carlo Simulation
● PDF's
● Matrix Element

– Hard Interactions
– ALPGEN+PYTHIA

● Parton Shower
– q -> qg , g -> qq
– parton jet

● Hadronization
– q,g -> hadrons
– particle jet

● Particle Decay's
– B-hadrons
– τ leptons

● GEANT
● Detector Simulation
● Recontruction

– e,μ,jet,MET
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D0 Detector
● Central Tracker:

– 2T B-field
– Silicon Tracker
– Fiber Tracker

● Calorimeter: |η|<4
– EM, Hadronic
– Central, Endcap, 

Scintill. Detector

● Muon: |η|<2
– Central, Forward
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Trigger
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e/μ/Jet/MET Reconst.

● Electron:
– Track + EM

● Muon:
– Track + Muon Hits

● Jet:
– Cone using EM/HAD CAL

● MET:
– Vector sum E in CAL, 
– adjusted for e, μ, jet
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Instrumental Backgrounds

● Fake Electrons:
– Isolated EM cluster + track

● γ + track
● γ -> e+e-

● π0->γγ + track
● π++n->π0+p->γγ
● jet shower fluctuations

● Fake Muons:
– Hadrons (π±,K±) decaying to μ
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Event Selection

● Quality cuts reduce 
instrumentals

● 2 Leptons p
T
>15 GeV

– e: |η|<1.1 
or 1.5<|η|<2.5

– μ: |η|<2

● 2 Jets p
T
>20 GeV

– |η|<2.5
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Event Selection: eμ channel

● Dominant Background:
– Z->ττ
– large MET
– soft leptons, jets

● H
T
l=max(p

T
e,p

T
μ)+p

T
j1+p

T
j2>105 GeV

● No cut on MET
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ee channel

● Main Background:
– Z->ee
– no real MET
– good energy 

resolution
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μμ channel
● Dominant 

Background:
– Z->μμ
– no real MET
– poor momentum 

resolution

m
μμ

>110 GeV

mμμ<70 GeV

70<mμμ<110 GeV
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Fake Rate Determination
● Create loose and tight lepton cuts.
● Form system of equations to extract number 

of non-instrumental events.

● Invert matrix to obtain N
rr
 , N

f
=N

rf
+N

fr
+N

ff

loose / tight real/fake(instrumental)
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Final Yield
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Top Kinematic Reconstruction
● Momenta of neutrinos aren't measured

– 6 unknown quantities
– Measured MET → 2 constraints
– Fix mass of W's → 2 constraints
– same mass for t and t → 1 constraint

– 1 remaining unknown → m
t

● no 1st  order guess at m
t

● must scan over  m
t
 values

● For given l+,l-,b,b,MET -> 0,2 or 4 solutions
● Each jet can be b or b -> up to 8 solutions
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MWT Weight Distribution
● Assign weight to each allowed solution:

– weight = PDF's ⨯ Prob(t->l+) ⨯ Prob(t->l-)
– PDF's = F(x) ⨯ F(x)

– Prob(t->l+) = 

● For given m
t
 sum weights:

– for all solutions

– m
t

max
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Detector Resolutions
● measured momenta 

very different from 
parton momenta

● sample parton 
momenta consistent 
with detector 
resolution

– repeat 150 times
– sum w

● e res:
– σ(E)/E ~ 0.005

● mu res:

– σ(p
T
-1)/p

T
-1 ~ 0.1

● jet res:
– σ(E)/E ~ 0.2

● MET res:
– √Unclustered E
– σ(√UE) ~ 5-10 GeV
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Detector Resolutions
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Templates, Likelihood
● Template

– put all m
t
m a x  from a 

given sample into 
histogram, 
normalize

● Samples:

– each m
t 
sample

– backgrounds

● Form likelihood:

● Fit -logL to measure m
t
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Statistical Calibration
● Form pseudoexperiments:

– match expected sample 
composition in data

● Measure m
t
, δm

t

● PULL=(m
t
-m

t
true )/δm

t
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Statistical Calibration
● <m

t
> vs m

t
true

● RMS(pull)
● Calibrate out bias on 

m
t
, δm

t
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Systematics: Jet Energy Scale
● Change in measured 

mt when changing 
samples in 
pseudoexperiments

● Scale set using γ+j 
events:

– γ well measured
– calibration of data 

and simulation
– collaboration-wide 

effort
– systematics as 

function of p
T
/η

● Δm
t
 = ± 1.5 GeV
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Sample Dependent JES
● JES strictly true for γj

– different response 
for gluon, quark 
jets

– b,c jets as well

● Tune response of 
detector to individual 
hadrons in data/MC

● Measure correction 
using MC particle jets:

● Δm
t
 = ± 0.4 GeV
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Other Systematic Uncertainties
● MC generator / PDF
● Detector Effects

– Momentum 
Scale/Resolution

– ID Efficiency

● Signal/Background 
Normalization

● Template/Ensemble 
Statistics
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Result in Data
● PLB 655,7 (2007), 0.37fb:

– mt=178.1+/-6.7(stat)+/-4.8(syst) GeV

● arxiv:0904.3195 (accepted by PRD) 1fb-1:
– mt=174.7+/-4.4(stat)+/-2.0(syst) GeV

● Combined 1fb-1 + 3fb-1:
– mt=174.8+/-2.5(stat)+/-1.8(syst) GeV
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Conclusion
● Consistent with l+jets, world average

– Potential constraint on new physics

● 2.5 GeV stat. uncertainty with 4 fb-1, 
● 1.5 GeV stat. uncertainty with 11 fb-1 (2011)
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Backup
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Monte Carlo Simulation
● PDF's:

– Distribution of quarks/gluons within proton

● Matrix Element Generator:
– Perturbative treatment of hard interaction
– ALPGEN+PYTHIA for ttbar/Z+jets
– PYTHIA for WW/WZ/ZZ

● Parton Shower:
– parton shower, hadronization
– PYTHIA

● GEANT, detector simulation
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Event Selection: μμ channel
● Dominant 

Background:
– Z->μμ
– no real MET
– poor momentum 

resolution

● S>7.5 : m
μμ

<70 GeV

● S>10.2 : 70<m
μμ

<110 GeV

● S>4.2 for m
μμ

>110 GeV
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Fake Rate Determination
● Create loose and tight lepton cuts.
● Form system of equations to extract number 

of non-instrumental events.

loose / tight real/fake(instrumental)
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Top Kinematic Reconstruction
● Assume qq -> tt -> WbWb -> lνb lνb

– no ISR/FSR or extra jets

● Start with l's,b's and MET
– solve system of equations for tt momenta

● need to fix m
t

– lepton bjet ambiguity
– at most 8 solutions
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